Background Child mortality rates are considered to be one of the key indicators of child health. Aims The main objective of this research was to calculate child mortality rates (CMRs) indirectly, using census data, and to investigate using spatial pattern analysis the presence of any clustering patterns among provincial regions. Methods The Trussell version of the Brass method and Coale-Demeny West model were used to estimate CMRs and life expectancy (LE) at birth. The analyses were performed using the QFive program of MORTPAK 4 software. For cluster analysis, local and global Moran's I indexes were measured. Results Infant mortality rate, under-5 mortality rate, 1-4 mortality rate and LE at birth were estimated as 21.9, 26, 4.1 (deaths per 1000 live births) and 72.1 years, respectively. Global Moran's I index was calculated as 0.09, 0.09, 0.08 and 0.12, respectively. Conclusion Special attention must be paid in provinces with high clusters regarding the evaluation of public health programmes, and the cause of failure of these programmes in reduction of childhood mortality indices.
Introduction
For several decades, increasing attention has been paid to child mortality as a health indicator and as one of the Human Development Indices (1, 2) . In 2000, the member countries of the United Nations agreed on the Millennium Development Goals (MDGs) for reducing the under-5 mortality rate (U5MR) by two thirds between 1990 and 2015 -known as the MDG 4 target (3) . Globally, the number of under-5 deaths has declined from 12.7 million in 1990 to 5.9 million in 2015. The U5MR has dramatically decreased from 91 per 1000 live births in 1990 to 43 in 2015.
The United Nations Inter-agency Group for Child Mortality Estimation (UN IGME) tries to update annual estimates (4) ; however, with the end of the MDG era, the international community has attempted to develop a new framework -Sustainable Development Goals (SDGs) (5, 6) . SDGs propose a new commitment: by 2030, reducing neonatal mortality as low as 12 deaths per 1000 live births and U5MR as low as 25 deaths per 1000 live births (6) .
Calculation of U5MR precisely is a key element in policy-making to develop different health strategies (7) . In case of inaccessibility of incidence and prevalence data, mortality rates could be used to recognize vulnerable populations. Vital status registry systems and direct and indirect estimates based on sampling or census data are regarded as the main source of mortality rates (8). Most developing countries have insufficient vital status registry systems to gather all deaths and births. In essence, most child mortality information is collected retrospectively from women of childbearing age (15-49 years) using census data and household surveys (1) . In the Islamic Republic of Iran, like other developing countries, there is a lack of precise mortality data (9) . These limitations necessitate using indirect methods such as the Brass method and its Trussell and Palloni-Heligman versions (10, 11) .
The present study tried to detect clustering patterns of low or high incidence in any of these health indices among the geographic regions of the Islamic Republic of Iran, which is important from the viewpoint of public health (12) . We aimed (1) to calculate child mortality rates (CMRs) indirectly using the Brass method (Trussell version) and census data, and (2) to recognize any clustering patterns among provincial regions by applying spatial pattern analysis. Hopefully, our results will pave the way for evidence-based decision-making.
Methods

Data and Brass method
We used a random sample of 2011 census data from the Statistical Center of Iran. The census data collection Research article procedure is explained elsewhere (13) . Stratified random sampling was adopted based on every urban-rural district and sampling fraction estimated as 2% for every district. The indices can be estimated directly or indirectly. The indirect method needs less information (7, 14) , and we used that method for calculating the indices. Therefore, we needed information such as number of children ever born (CEB), number of children surviving (CS) and mother's age, which is available in the census data. In case CEB and CS were missing, we replaced them with the mean CEB and mean CS for each maternal age group (15) . The Trussell version of the Brass method was used for the Coale-Demeny West model to estimate CMRs and life expectancy (LE) at birth (Appendix 1) (10). This model is the most suitable for the Iranian population. The analyses were performed by QFive program of MORTPAK 4 software (UN software package for mortality measurements) (16) .
The precise estimation of mortality depends on maternal age. In the indirect method, according to the estimated mortality rates for women in the different age groups from 15 to 45 years, CMRs are estimated (15) . The estimates for women aged 20-24, 25-29 and 30-34 years are more accurate. Women aged 15-19 years usually underestimate reporting of children who are not born alive (15, 17) . In recent years in the Islamic Republic of Iran, because of changes in the reproduction pattern of younger women, the estimated probabilities for the younger age groups that are closer to the census year are not accurate. Therefore, we set aside these estimates and used the estimated mortality rates for the age group of 30-34 years.
Spatial clustering
After calculating the childhood mortality indicators and LE for all 31 provinces, we plotted the results using a geographic information system to visualize the distribution of the above-mentioned indices across the country. We measured Global Moran's I and its local index Anselin local Moran's I to evaluate wethere there was any clustering or outliers among the provinces regarding the calculated indices (Appendix 2). Local Moran's I, is one of the Local Indicators of Spatial Association. This index shows the presence of clusters that are defined as accumulation of similar values -high or low. It is classified into 5 categories. The first category, Not Significant, denotes areas that are not significant at a default significance level of 0. Finally, for hot spot analysis, Getis-Ord Gi index was measured. Fixed Distance Band as conceptualization of spatial relationships and Euclidean Distance as distance method were used. The Getis-Ord is an indicator of local clustering and assesses the presence of hot spots and cold spots. Table 1 shows the population statistics by age groups. Using 2011 census data and estimation of women aged 30-34, IMR, U5MR, 1-4MR and LE (life expectancy) at birth (e 0 ) were estimated as 21.9, 26, 4.1 deaths per 1000 live births and 72.1 years, respectively. IMR, U5MR, 1-4MR and LE at birth are shown in Table 2 , which were calculated using the indirect method of QFive program of MORTPAK 4 software. The maximum childhood mortality -IMR, U5MR and 1-4MR -were calculated as 44.2, 57 and 12.8 per 1000 live births, respectively, in women aged 15-19 years. It should be noted that sex ratio of CEB (female to male) was 1.058. Child survival was estimated as 94.07%. Female and male survival was calculated as 95.17% and 94.83%, respectively. Table 3 presents Global Moran's I index value for childhood mortality indices and LE (e 0 ). The highest clustering Research article concerning LE (e0), Mazandaran and Qom Provinces were observed as hot spots; that is, provinces with the highest LE.
Results
Indirect estimation of IMR, U5MR, 1-4 mortality rate (1-4MR) and LE at birth
Spatial clustering
Discussion
In this study we tried to calculate CMRs indirectly using the Brass method (Trussell version) using census data, and to recognize any clustering regions using spatial pattern analysis. IMR, U5MR, 1-4MR and LE (e 0 ) were estimated as 21.9, 26 and 4.1 deaths per 1000 live births and 72.1 years, respectively. Additionally, the western and northwestern regions showed High-High clusters for all indicators. Also, southeastern regions were observed as hot spots. We used estimated values for women aged 30-34 years. Vapattanawong et al. also used this age group to estimate more precise CMRs (18) . As mentioned before, reporting by women in older age groups suffers from low precision, and women in lower age groups usually underestimate death. However, in recent years in the Islamic Republic of Iran, because of changes in the reproductive pattern of younger women, the estimated probabilities for the younger age groups that are closer to the census year, are not accurate.
Across 31 provinces of the Islamic Republic of Iran, the gap between the maximum and minimum values shows a high variation in child mortality indicators and LE (e 0 ) and was 18, 23.5 and 5.1 deaths per 1000 live births and 6.6 years for IMR, U5MR, 1-4MR and LE (e 0 ), respectively.
Numerous studies have worked on spatial patterns of child mortality (19) (20) (21) (22) (23) . However, we could not find any related studies in the Islamic Republic of Iran. In addition, little research has been conducted on child mortality using the Brass method in the Islamic Republic of Iran (9 (25) .
We suggest more studies to investigate the links between the aforementioned indicators and their probable causes. Social inequality might be a major cause of variation in infant mortality, which could be analysed appropriately using measures of segregation EMHJ -Vol. 26 No. 2 -2020 (26) . Hashemi-Nazari et al. used a multilevel study on Iranian census data to estimate the effect of socioeconomic segregation on infant mortality and found controversial results. There was a negative association with education level, marital status and presence of a bathroom in the house, but a positive relation with age group, size of house, and ownership of a motorcycle (27) . Kumar et al. studied geospatial analysis of U5MR in some states of India. They reported that health programme initiatives had a pivotal role in reducing U5MR, even after adjusting for different variables such as population density, annual rainfall and average annual temperature (28) . Singh et al. worked on geospatial analysis of IMR and U5MR in India. They believed that IMR and U5MR were higher in underprivileged regions in terms of child nutrition and female literacy. They also observed that, although, the effect of economic status on child malnutrition and child survival is weakening, the effect of maternal education is growing stronger (23). Gemperli et al. usedspatial analysis to identify the causes of geographic differences in IMR in Mali, using a Markov Chain Monte Carlo simulation. The results proved that maternal education, birth order and interval, infant sex, residence and mother's age had an important impact on IMR (19) .
Vapattanawong et al. analysed 2 censuses using the Trussell version of the Brass indirect method by economic strata to measure changes in child mortality. The changes were not equal by different economic strata. In fact, the poorer parts of the population had a greater reduction in U5MR (18) . El-khorazaty estimated child mortality for Bahrain, Egypt, Jordan, Kuwait, Syrian Arab Republic and United Arab Emirates using the Brass-Trussell methodology and Coale-Demeny West model life tables. These countries were not homogeneous in term of child mortality, reflecting disparities in health programmes, standards of living, and quality of life (29) .
We concede a few limitations that were related to the assumptions of the indirect Brass method. This method can result in overestimation of child mortality. According to international estimation by the United Nations Children's Fund, child mortality in 2011 for the Islamic Republic of Iran was estimated as 18.4 (16.2-20.9) deaths per 1000 live births (30), while our estimate was 26 deaths per 1000 live births. In the Islamic Republic of Iran, U5MR has remarkably declined and was estimated as 58, 35 and 16 deaths per 1000 live births in 1990, 2000 and 2015, respectively. The annual rate of reduction was measured as 5.2% and considered sufficient to achieve MDG 4. In the Islamic Republic of Iran, MDG target for 2015 was defined as 19 deaths per 1000 live births (1) . A further limitation was that the Brass method makes some demographic assumptions, such as stability of births and deaths, no relation between child death and mother's age, and accurate reporting of CEB and CS (31) . Concerning the first assumption we used the estimated mortality rates for the maternal age group of 30-34 years, which has more stable production rates. 
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Appendix 1
In this appendix, we describe the estimations process using the Trussell indirect method.
Step 1: Calculating CEB for all age groups (i)
This ratio could be calculated by division of CEB in each age group (i) by number of women in the same age group (i) P i = CEB i / FP I , where FP I is fertility proportion
Step 2: Calculating proportion of children deceased (CD) to CEB for each age group, D i
This ratio shows what proportion of CEB have died for each age group of women D i = CD i / CEB i If during census CS have been questioned instead of CD, then the ratio is calculated as
Step 3: Estimation of K i coefficients
To estimating q i (death probability up to age x) it should be modified calculating of D i . Therefore, we used a coefficient called K [20] [21] [22] [23] [24] ) P (20-24) P (25) (26) (27) (28) (29) The coefficients of a(i), b(i) and c(i) were estimated by a simulated regression analysis. These coefficients were estimated for all age groups and for 4 regions of Coale-Demeny life tables.
Step 4: Estimation of death probability up to age x q i is estimated for each age group i using D i and K i q i = K i D i
Step 5: Defining reference time to death occurrence
If death rate is changing at same rate, estimated q based on census was linked to a definite time in the past. This reference time has a gap of few years from census year
The main advantages of the study was using census data and spatial analysis tools for assessment of clustering patterns in CMRs and LE (e 0 ).
Conclusion
According to our finding, the western and northwestern regions of the Islamic Republic of Iran (including Lorestan, Kermanshah, Kordestan, and West Azarbaijan) were among the provinces with the highest CMRs, which formed a High-High cluster for IMR, U5MR, 1-4MR and LE. Special attention must be paid in these provinces regarding the evaluation of public health programmes, the cause of failure of these programmes in reducing childhood mortality indices, and the need for design and implementation of new public health programmes. The coefficients e(i), f(i) and g(i) were calculated using the Trussell method for each group of women and based on death pattern of Coale-Demeny.
Appendix 2
In this appendix, we describe 2 equations for calculating Moran's I index.
Moran's I define as:
Where wi,j is the spatial weight between features i and j, n is equal to the total number of features, and S 0 is the aggregate of all the spatial weights:
(2)
Estimation indirecte de la mortalité juvénile à l'aide des données du recensement de 2011 en République islamique d'Iran Résumé
Contexte : Les taux de mortalité juvénile sont considérés comme l'un des indicateurs clés de la santé de l'enfant.
Objectifs : La présente recherche visait principalement à calculer les taux de mortalité juvénile de façon indirecte, à partir des données du recensement. Elle avait aussi pour objectif de rechercher la présence de tendances de regroupement dans les régions provinciales au moyen d'une analyse de la structure spatiale. 
